For patients with acute myeloid leukemia (AML) relapsed after allogeneic bone marrow transplantation (BMT), donor leukocyte infusion (DLI) as sole therapy has very limited efficacy. We tested the effects of cytoreductive chemotherapy, followed immediately by G-CSF-primed DLI (chemotherapy followed by DLI, Chemo-DLI), in 16 AML patients who relapsed after allogeneic BMT. In all, 10 of these patients achieved complete remission (CR), four of whom remain alive in CR at a median follow-up of 1488 days after DLI. The 2-year overall survival (OS) for the entire cohort was 31%. The 1-year OS for patients with post-BMT remission of 6 months or longer was 55%, compared with 0% for patients with post-BMT remission of less than 6 months, making post-BMT remission duration the only significant prognostic factor for OS (P ¼ 0.015). These findings suggest that Chemo-DLI could induce durable remissions in a proportion of relapsed AML patients with relatively long post-BMT remission duration. All five patients who relapsed after achieving CR with Chemo-DLI relapsed at extramedullary sites in the presence of continuous bone marrow remission, suggesting uneven graft-versus-leukemia effects in different parts of the body. Although our data should be interpreted cautiously considering the limited number of patients, isolated extramedullary relapse seems to be common after Chemo-DLI.
Introduction
For patients with acute myeloid leukemia (AML) receiving allogeneic bone marrow transplantation (BMT), relapse remains the major cause of treatment failure and is associated with a very poor prognosis. [1] [2] [3] The optimal therapy for these relapsed patients has not been defined, since most therapies are of limited utility. While reinduction chemotherapy can induce remission in about 30-40% of patients, this remission is usually of short duration, and most of these patients eventually relapse and die. 2, 3 A second BMT results in long-term survival of about 10-35% of patients, but it is associated with extremely high treatment-related mortality (TRM), ranging from 40 to 50%. [4] [5] [6] [7] [8] Another approach to the treatment of AML patients who relapse after allogeneic BMT is donor leukocyte infusion (DLI), which induces a graft-versus-leukemia (GVL) effect. DLI has been shown to be highly effective in patients with chronic myelogenous leukemia who relapse into chronic phase, achieving complete and durable remission in 70-80% of these patients. 9, 10 In contrast, DLI as sole therapy for relapsed AML has been much less effective, yielding complete remission (CR) rates of 15-29% and rare long-term remission. [9] [10] [11] [12] Limited efficacy of DLI alone for relapsed AML may be due in part to the diverse immune escape mechanisms of leukemic cells from GVL. These mechanisms may include the downregulation of HLA molecules, 13, 14 defects in presentation of antigenic peptides, 15 deficient expression of costimulatory molecules, 16, 17 secretion by leukemic cells of cytokines that inhibit activated lymphocytes, 18 and FAS ligand expression by leukemic cells. 19 Another factor limiting the response of DLI alone in AML may be too rapid proliferation rate of leukemic cells coupled with the high leukemic cell burden at the time of relapse for clinically evident GVL effect to develop. Since a GVL effect of DLI typically requires several weeks or months to become clinically apparent, 10, 20, 21 in patients with rapidly advancing diseases such as AML, it would be reasonable to attempt cytoreductive chemotherapy before DLI in order to allow time for the development of the GVL effect. Several retrospective studies have reported that durable remission could be achieved in some patients with relapsed AML with chemotherapy followed by DLI implemented at the time of nadir blood counts after chemotherapy or as consolidation of a chemotherapy-induced remission. 9, 10, 22, 23 These findings, however, are limited by the retrospective nature of the studies, heterogeneous treatment schemes, and the small numbers of patients included. Likewise, there have been few prospective studies evaluating the effectiveness of Chemo followed by DLI (Chemo-DLI) in relapsed AML. [24] [25] [26] Thus, the role of Chemo-DLI in the treatment of relapsed AML after allogeneic BMT is still largely unknown.
We previously reported preliminary results of a prospective study evaluating the efficacy of Chemo-DLI for patients with relapsed acute leukemia, including eight patients with AML, after allogeneic BMT. 25 Our previous study showed that a high CR rate and some durable remissions could be achieved with this approach in patients with relapsed acute leukemia following allogeneic BMT. The present study updates our previous findings and reports our experience with Chemo-DLI in a larger cohort of patients with relapsed AML following allogeneic BMT. Our objectives were to determine the overall outcome in these patients, to assess the major prognostic factors that affect the outcome, and to determine the circumstances in which it may be appropriate to offer this treatment option.
Patients and methods

Patient eligibility
Patients were eligible for treatment if they had undergone allogeneic BMT for AML and subsequently relapsed. To be included, patients were required to have a sufficient cardiac function (ejection fraction X40%), a creatinine level of less than 2.0 mg/dl, a bilirubin level of less than 2.0 mg/dl, liver transaminases level lower than three times the upper limit of the normal range, and Karnofsky performance status of equal to or over 70. The study protocol was approved by the Institutional Review Board of the Asan Medical Center. Written informed consent was obtained from each patient and donor. Patients were enrolled in this prospective study between August 1997 and February 2003. During the study period, 21 patients with AML relapsed following allogeneic BMT. Of these patients, five patients were excluded due to following reasons: two due to poor performance status, two due to the original unrelated marrow donor's refusal to donate G-CSF-primed leukocyte, and one due to the patient's refusal to participate in the study. Thus, remaining 16 patients were enrolled in the study.
Initial BMT procedure
Detailed procedures for initial transplantation have been described previously. 27 At the time of initial BMT, 13 patients were in CR, two had untreated first relapse, and one had refractory disease. Three patients who were not in CR at the time of BMT achieved CR after BMT. All patients received Bu-Cy (busulfan 4 mg/kg/day on days À7 to À4 and cyclophosphamide 60 mg/kg/day on days À3 to À2) as a preparative regimen. A total of 15 patients received bone marrow grafts from HLAidentical siblings, whereas one patient (unique patient number, UPN 165) received a bone marrow graft from an HLA-matched unrelated donor. None of the bone marrow grafts was T-cell depleted graft-versus-host-disease (GVHD) prophylaxis consisted of cyclosporine (1.5 mg/kg intravenously every 12 h starting on day -1, then switched to an oral dose when oral intake became feasible) plus a short course of methotrexate (15 mg/m 2 intravenously on day 1, and 10 mg/m 2 intravenously on days 3, 6, and 11). In the absence of GVHD, cyclosporine was tapered from day 60 until day 180. After initial BMT, one patient (UPN 67) developed acute GVHD (aGVHD) of grade I at post-BMT day 26, and three patients developed chronic GVHD (cGVHD), one (UPN 61) with limited disease at day 111 and two (UPN 23 and 238) with extensive disease at days 83 and 157, respectively. In three of these four patients with aGVHD or cGVHD, GVHD resolved thereafter and all immunosuppressive agents were off before relapse (UPN 23 at post-BMT day 195; UPN 61 at day 264; UPN 67 at day 154). In one patient (UPN 238) whose cGVHD resolved with the use of steroid plus cyclosporine and four other patients (UPN 62, 152, 158, and 224) who relapsed before post-BMT day 180, cyclosporine was being tapered at the time of relapse.
Treatment of relapse after allogeneic BMT
The first day of DLI was designated day 0. The induction chemotherapy regimen, administered from days À7 to À2, consisted of cytarabine (1 g/m 2 /day continuous intravenous infusion on days À7 to À2), idarubicin (12 mg/m 2 /day intravenous infusion on days À7 to À5), and etoposide (150 mg/m 2 /day intravenous infusion over 5 h on days À7 to À5). Each original bone marrow donor was administered G-CSF (10 mg/kg/day subcutaneously from days À3 to 0), and their peripheral blood mononuclear cells, including lymphocytes and CD34 þ cells, were collected on days 0 and 1 of DLI and infused into the recipient on the same days to induce a GVL effect and to minimize marrow aplasia after chemotherapy. Patients subsequently received G-CSF 450 mg/day intravenously from day 5 until their absolute neutrophil counts were greater than 3000/ml.
Patients given immunosuppressive agents for the prophylaxis or treatment of GVHD at the time of the relapse after initial BMT were discontinued from these immunosuppressive agents before induction chemotherapy. No post-DLI GVHD prophylaxis was administered. Acute and cGVHD were graded according to established criteria. 28, 29 Grade II-IV aGVHD or extensive cGVHD occurring after DLI were treated with corticosteroid plus other immunosuppressive agent(s) such as cyclosporine, tacrolimus, or mycophenolate. Limited cGVHD was treated with cyclosprorine and/or corticosteroid when symptoms or signs of GVHD were progressive during observation without treatment. Bone marrow examination of patients showing full hematologic recovery in peripheral blood was performed to evaluate their remission status after Chemo-DLI. Patients presenting with extramedullary leukemia at relapse after initial BMT were evaluated by physical examination and appropriate radiologic methods. CR was defined by cellular marrow with less than 5% blasts, no evidence of extramedullary leukemia, and peripheral neutrophil and platelet counts of at least 1500/ml and 100 000/ml, respectively.
Evaluation of hematopoietic chimerism
Since December 1997, post-BMT and post-DLI hematopoietic chimerism have been prospectively evaluated on peripheral blood mononuclear cells of the patients using polymerase chain reaction for short tandem repeats or amelogenin loci, as described previously.
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Statistical analysis
Overall survival (OS) was measured from the date of DLI to the date of death or last follow-up. Disease-free survival (DFS) for patients achieving CR was measured from the date of CR documentation to the date of relapse or last follow-up. OS, DFS, and cumulative incidence of GVHD after DLI were plotted using the Kaplan-Meier method, and differences were assessed by the log-rank test. The variables analyzed for their impact on CR, OS, DFS, and post-DLI GVHD included disease status at the time of initial BMT, age at DLI, presence of GVHD after initial BMT, time from initial BMT to relapse (post-BMT remission duration), presence of extramedullary leukemic relapse after initial BMT, and CD34 and CD3 cell dose for DLI. For the analysis of OS and DFS, presence of post-DLI GVHD was also considered as a potential prognostic variable. All statistical tests were two-sided, with Po0.05 indicating statistical significance.
Results
Patient characteristics
The clinical characteristics of the patients are shown in Table 1 . Median age of the patients at the time of DLI was 30 years (range, 20-46 years). The median CD3 þ and CD34 þ cell dose infused for DLI were 4.5 Â 10 8 /kg (range, 1.6-8.3) and 3.7 Â 10 6 /kg (range, 0.4-80.5), respectively. All 16 patients finished a course of induction chemotherapy and received G-CSF-primed DLI at a median of 13 days (range, 9-157 days) after documentation of relapse. One patient (UPN 67), who relapsed initially at an extramedullary site (left ulnar) without bone marrow involvement, achieved CR after localized radiation therapy to the extramedullary relapse site. After 5 months of initial relapse, this patient experienced relapses in bone marrow and multiple skin sites, and received Chemo-DLI 157 days after the time of initial isolated extramedullary relapse.
Response and overall clinical course
Data regarding the clinical course after Chemo-DLI are summarized in Table 1 . In all, 10 patients (63%; 95% confidence interval (CI), 38-87%) achieved CR at a median of 30 days (range, 18-78 days) after DLI. As a result of low statistical power, none of the variables was found to be predictive of achieving CR with Chemo-DLI. Of the 10 patients who achieved CR, four remain in CR, at a median follow-up time of 1488 days (range, 771-2034 days) after DLI. Five of the 10 CR patients relapsed at a median of 182 days (range, 101-671 days) after DLI and died at a median of 333 days (range, 215-843 days). The remaining one CR patient died of aGVHD 58 days after DLI. The six patients who failed to achieve CR died at a median of 11 days (range, 3-55 days) after DLI, three with persistent leukemia, and three due to treatment-related toxicity.
OS and DFS
For all 16 patients, six and five patients were alive at post-DLI 1 and 2 year, respectively, making 1-and 2-year OS of 38% (95% CI, 14-62%) and 31% (95% CI, 8-54%), respectively ( Figure 1a ). The median survival duration of all patients was 215 days. For 10 patients who achieved CR, five and four patients were alive in CR at post-DLI 1 and 2 year, respectively, making 1-and 2-year DFS of 56% (95% CI, 23-89%) and 44% (95% CI, 11-77%), respectively (Figure 1b) .
Univariate analysis of risk factors influencing OS and DFS is presented in Table 2 . Although small number of patients prevented proper analysis, post-BMT remission duration of less than 6 months was found to be predictive of lower OS. For 11 patients with post-BMT remission duration of 6 months or longer, eight patients achieved CR, and among these eight patients with CR, four patients died after relapse and another four patients remained alive without relapse. For five patients with post-BMT remission duration of less than 6 months, two patients achieved CR, and among these two patients with CR, one died in CR due to GVHD and the other died after relapse. The 1-year OS for the patients with post-BMT remission duration of 6 months or longer was 55% (95% CI, 26-84%), whereas the 1-year OS for the patients with post-BMT remission duration of less than 6 months was 0% (P ¼ 0.015) (Figure 2 ). In prognostic factor analysis for DFS, none of the clinical factors was identified to be predictive for DFS due to low statistical power, although patients with shorter post-BMT remission duration showed trend for lower DFS (P ¼ 0.094).
Treatment-related toxicities and death
All patients experienced severe myelosuppression, with a lowest neutrophil count less than 500/ml and a lowest platelet count less than 20 000/ml. Omitting the four early deaths, the remaining 12 patients achieved neutrophil counts over 500/ml at a median of 12 days (range, 9-18 days) after DLI. A total of 10 patients achieved a platelet count over 20 000/ml without transfusion support at a median of 16 days (range, 11-27 days) after DLI. All 16 patients experienced febrile neutropenia necessitating treatment with antimicrobials. Within 2 months Table 1 Baseline characteristics and clinical course of patients after chemotherapy and subsequent DLI UPN, unique patient number; BMT, bone marrow transplantation; DLI, donor leukocyte infusion; Chemo-DLI, chemotherapy followed by DLI; aGVHD, acute GVHD; cGVHD, chronic GVHD; CR, complete remission; CR1, first CR; CR2, second CR; NE, not evaluable.
after DLI, five patients experienced pneumonia and five experienced bacteriologically documented septicemia. Of 13 assessable patients, 12 developed aGVHD at a median of 23 days after DLI (range, 6-41 days), one with grade I, three with grade II, five with grade III, and three with grade IV. Eight of nine assessable patients developed cGVHD at a median of 106 days after DLI (range, 96-139 days), two with limited and six with extensive disease. None of the clinical factors was found to be predictive for the occurrence of grade III-IV aGVHD or extensive cGVHD after DLI. Detailed data regarding post-DLI GVHD and its treatment are shown in Table 1 . Except for three patients (UPN 152, 228, and 238) who died of aGVHD and two patients (UPN 83 and 224) who died of leukemia in the presence of GVHD, GVHD of all the other patients resolved completely and all immunosuppressive agents were discontinued in these patients.
Seven patients died early within 2 moths after DLI, six without achieving CR, and one (UPN 152) who achieved CR as a result of aGVHD. Of the six patients not achieving CR, three (UPN 59, 165, and 224) died with persistent leukemia in their peripheral blood or extramedullary site (intestine in UPN 59). Three other patients (UPN 158, 228, and 238 ) died, at least in part, from treatment-related toxicities. As bone marrow status after Chemo-DLI was not evaluated in these three patients, due to early death (UPN 158 and 228) or not achieving full hematologic recovery (UPN 238), we were unable to determine whether the major cause of death was treatment-related toxicity or resistant leukemia. However, there was no clinical evidence of leukemia in their peripheral blood or extramedullary site. The proximate causes of death in these three patients were GVHD in two (UPN 228 and 238) and pneumonia in one (UPN 158). On this assumption, there were four treatment-related deaths, giving a TRM of 25%.
Pattern of relapse after Chemo-DLI
All five patients who relapsed after achieving CR with Chemo-DLI had experienced post-DLI GVHD previously before relapse. In three patients (UPN 23, 61, and 159), GVHD was resolved with the use of immunosuppressive agents, and all immunosuppressive agents were discontinued 4.9, 1, and 2.8 months before relapse, respectively. In two patients (UPN 62, and 83), relapse occurred in the presence of cGVHD ( Table 1 ). The five patients who relapsed all did so at extramedullary sites in the presence of continuous marrow remission ( Table 3 ). Three of these five patients also had extramedullary leukemia at the time of relapse after initial BMT (bone in UPN 23; skin in UPN 62; breasts, skin, and soft tissue in UPN 159). The most frequently involved relapse sites were leptomeninges (three patients; UPN 23, 61, and 83) and skin (two patients; UPN 62 and 159). Evaluation of bone marrow status at the time of relapse in all these five patients showed continuous remission in bone marrow. Except for UPN 83, the other four patients subsequently relapsed at other extramedullary sites (vulva in UPN 23; skin and common bile duct in UPN 61; leptomeninges in UPN 62; and peritoneum in UPN 159). Of these five patients, only one (UPN 23) subsequently showed leukemic cells in peripheral blood, whereas the other four had no leukemic cells in the peripheral blood until death.
Hematopoietic chimerism after Chemo-DLI
Data regarding hematopoietic chimerism are summarized in Table 4 . Hematopoietic chimerism status at the time of relapse after initial BMT was evaluated in 13 patients. Except for two patients (UPN 62 and 159) who relapsed as isolated extramedullary relapse, chimerism study at the time of relapse in all the other patients showed mixed chimerism with recipient cell fraction of 10-100%. Except for four patients who died early within 1 month of DLI, post-DLI hematopoietic chimerism was evaluated in remaining nine patients. Except for UPN 224 who still showed leukemic blasts in peripheral blood at post-DLI 1 month, the other eight patients showed complete donor chimerism at post-DLI 1 month. Hematopoietic chimerism status at the time of relapse after Chemo-DLI was evaluated in four patients, three of whom (UPN 61, 62, and 159) showed complete donor chimerism, whereas one (UPN 83) showed mixed chimerism with recipient cell faction of 35%. Mixed chimerism in UPN 83 spontaneously converted to complete donor chimerism 1 month later and complete donor chimerism was maintained thereafter until death. UPN 62 showed mixed chimerism just before the time of death, but leukemic cells were not observed in peripheral blood smear specimens. UPN 61 and 159 showed complete donor chimerism throughout the entire follow-up period after DLI. OS and DFS. Kaplan-Meier product-limit estimate of OS among all 16 patients (a) and DFS among 10 patients who achieved CR with chemotherapy and subsequent DLI (b).
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Discussion
We have shown here that Chemo-DLI could produce a relatively high CR rate and induce durable remissions in a considerable proportion of patients with relapsed AML after allogeneic BMT, especially in patients with relatively long post-BMT remission duration. We also have observed that isolated extramedullary relapse were common after this treatment approach. Recently, Levine et al 24 reported the results of a prospective study evaluating the efficacy of anthracycline-based chemotherapy followed by DLI in patients with advanced myeloid malignancy relapsed after allogeneic BMT. The treatment approach of this study was similar to that of our study, including the use of G-CSF-primed DLI, the absence of post-DLI GVHD prophylaxis, and early application of DLI after chemotherapy (7 and 10-14 days after chemotherapy in our trial and trial by Levine et al, respectively). Although the CR and 2-year OS rates in our study (63 and 31%, respectively) were slightly superior to those observed in the trial by Levine et al (42 and 19%, respectively) , overall outcomes seem to be similar, inasmuch as the latter trial included more patients with short post-BMT remission duration (ie patients with poor prognosis). TRM was similar between the two trials (25 and 23%), but the incidence of overall and grades III-IV aGVHD was much higher in our trial (93 and 62%, respectively) than in the other (56 and 28%, respectively).
Comparing the results from Chemo-DLI with historical data of DLI alone, 9,10 CR rate was higher with Chemo-DLI than with DLI alone (42-63 vs 15-29%). However, it is not clear whether this higher CR rate after Chemo-DLI translates into improved survival. Long-term survival after DLI alone for relapsed AML has been reported to be approximately 10-15%. 9, 10 Although the long-term survival rates in our study and study by Levine et al (31 and 19%, respectively) were slightly superior to those after DLI alone, this small difference in long-term survival is difficult to interpret due to the inherent limitations of historical OS, overall survival; DFS, disease-free survival; DLI, donor leukocyte infusion; BMT, bone marrow transplantation; CR1, first complete remission; GVHD, graft-versus-host disease.
Figure 2
OS according to post-BMT remission duration. The 1-year OS for patients with post-BMT remission of 6 months or longer was 55%, compared with 0% for patients with post-BMT remission of less than 6 months, making post-BMT remission duration the only significant prognostic factor for OS (P ¼ 0.015).
comparison. Thus, it is uncertain whether administration of chemotherapy prior to DLI improves long-term survival following DLI for treating patients with relapsed AML following allogeneic BMT.
In many aspects, the approach taken in our trial is similar to a second allogeneic BMT. The critical differences between our approach and second BMT are the use of nonmyeloablative chemotherapy, and absence of prophylactic immunosuppression for GVHD. Considering chemotherapy regimen before DLI is not required for immunosuppressive because patients undergoing DLI retain donor-derived immunity, we included only cytotoxic agents (such as cytarabine, idarubicin, and etoposide) in chemotherapy regimen before DLI. Comparing the result of Chemo-DLI in our trial with those from second allogeneic BMT, 4-8 TRM seems to be lower with our approach (25 vs 40-50%), although long-term survival was similar (31 vs 10-35%). However, it should be noted that all patients in our study received Chemo-DLI at the status of untreated relapse, while most of the patients who received second allogeneic BMT were in remission induced by salvage chemotherapy before second BMT. [4] [5] [6] [7] [8] Moreover, it has been reported that only 7-20% of highly selected patients can reach the stage of a second BMT after relapse according to the performance and remission status after salvage chemotherapy. 3, 6 Considering this fact, Chemo-DLI seems to compare favorably with second allogeneic BMT of myeloablative conditioning.
Although Chemo-DLI induced a durable remission in some patients with relapsed AML after allogeneic BMT, the limited overall efficacy of this procedure emphasizes the importance of identifying the specific subgroup of patients who might benefit from this treatment approach. Although small number of patients prevented proper analysis, our study found that post-BMT remission duration was significantly associated with OS. In patients with post-BMT remission duration of 6 months or longer, 1-year OS was 55%, indicating that Chemo-DLI is worth trying in this group of patients. In contrast, patients with post-BMT remission duration of less than 6 months are unlikely to benefit from Chemo-DLI and should be considered for other investigational therapies in the context of well-designed clinical trials. One possible reason for these observations would be that patients with shorter post-BMT remission duration might experience more severe treatment-related toxicities. In these patients, tissue damage after initial BMT may not be fully healed at the time of Chemo-DLI, thus increasing the severity of treatment-related toxicities. Another possible reason for the poor prognosis of patients with short post-BMT remission duration may be that these patients have leukemic cells intrinsically resistant to GVL mechanisms and/or chemotherapy.
In our study, the major problem after Chemo-DLI was the high incidence of GVHD and GVHD-related deaths. We did not use GVHD prophylaxis to avoid the possibility of increasing the risk of relapse due to a reduction in the GVL effect, and the high incidence of GVHD in our study may be at least partly due to the absence of post-DLI GVHD prophylaxis. Another factor possibly associated with high incidence of GVHD may be cumulative tissue damage caused by chemotherapy for Chemo-DLI and conditioning for initial BMT. Any damaged tissues would release large amounts of inflammatory cytokines, which may trigger and/or increase the severity of GVHD, 32, 33 and this may have been further exacerbated by our early application of UPN, unique patient number; BMT, bone marrow transplantation; Chemo-DLI, chemotherapy followed by DLI; BM, bone marrow; NED, no evidence of disease; PB, peripheral blood; CBD, common bile duct. DLI after chemotherapy. Animal studies have shown that a given cell dose is more likely to induce GVHD if infused sooner rather than later after a preparative regimen. 34, 35 The other factor that may be associated with the high incidence of GVHD is our use of a higher median dose of infused T-lymphocytes (4.5 Â 10 8 /kg) than that used in a similar trial (1.0 Â 10 8 /kg). 24 These results suggest that outcome might be negatively affected by performing DLI too soon after chemotherapy, by using a high-dose-intensity chemotherapy regimen before DLI, and by infusing too many Tlymphocytes. It should be remembered, however, that a balance must be struck between the risk of GVHD and the risk of relapse, and that treatment schemes, including the GVHD prophylaxis regimen, the chemotherapy regimen before DLI, the timing of DLI, and the dose of infused T-lymphocytes, should be optimized to decrease GVHD while maintaining the GVL effect.
Little has been reported regarding the relapse pattern after DLI or after second allogeneic BMT for relapsed AML following allogeneic BMT. In the present study, we have observed the unusually high incidence of isolated extramedullary relapse without bone marrow involvement after Chemo-DLI. Of the 10 patients with CR, five relapsed, all initially at extramedullary sites in the presence of continuous marrow remission, making isolated extramedullary relapse the major reason for failure of long-term survival in patients who achieved CR with Chemo-DLI. Interestingly, all five relapsers experienced post-DLI GVHD before relapse, and in two of them, relapse occurred even in the presence of cGVHD. Of these five patients, one subsequently showed leukemic cells in peripheral blood, whereas the other four did not show any clinical evidence of leukemic cells in the peripheral blood until the time of death. Furthermore, most patients subsequently relapsed at other extramedullary sites without the concomitant presence of leukemic cells in peripheral blood. Thus, as has been suggested in a post-BMT 36, 37 or post-DLI 38, 39 setting, this finding suggests that the potency of the GVL effect may be uneven in different parts of the body, being stronger in the bone marrow than in extramedullary tissues. One possible explanation for the weaker GVL effect at extramedullary sites might be tissue-selective lymphocyte homing based on the expression of certain cell surface molecules. Lymphocyte activation occurring in the marrow or spleen most likely led to the expression of lymphocyte surface molecules directing selective homing only to those tissues. 40 Alternatively, isolated extramedullary relapse might reflect biological characteristics of certain leukemic cells that are intrinsically resistant to chemotherapy and/or GVL mechanisms and meanwhile tend to dwell in extramedullary tissues through diverse immune escape mechanisms such as the downregulation of HLA molecules, 13, 14 defects in presentation of antigenic peptides, 15 deficient expression of costimulatory molecules, 16, 17 secretion of cytokines that inhibit activated lymphocytes, 18 and FAS ligand expression. 19 Mechanisms for the deficient GVL effect at extramedullary sites require further investigation to establish strategies to prevent relapse at these sites.
Relapse limited to extramedullary sites following allogeneic BMT has been reported to constitute 13-30% of all AML relapses. 2, 37, 41, 42 Although it should be interpreted cautiously, considering the limited number of patients in our study, our finding, that all the initial relapses after DLI occurred only at extramedullary sites, suggests that these isolated extramedullary relapses might occur more frequently after DLI than after BMT. Although the reason this uneven GVL effect between marrow and extramedullary sites tends to be stronger in the post-DLI than in the post-BMT setting remains unknown, it is possible that the patients enrolled in our study may represent a selected group. Specifically, three of our five patients with isolated extramedullary relapse after Chemo-DLI had also experienced extramedullary relapse after their initial BMT, suggesting that these patients may have constituted a considerable fraction of those patients in whom a proper GVL effect would not be operative at extramedullary sites. On the basis of relapse pattern observed in our study, long-term DFS after Chemo-DLI seems to depend on proper GVL effect, especially in the immunologically privileged extramedullary sites, rather than the dose intensity of chemotherapy prior to DLI. One potential way to enhance GVL effect of DLI might be the use of cytokines, such as interleukin-2 (IL-2). IL-2 might be a potentially active agent to enhance GVL effect of DLI because it induces the activation and proliferation of both T and NK cells. Although experience with combination therapy of IL-2 plus DLI for treatment of leukemia relapse after allogeneic BMT is limited, several studies reported its feasibility and potential benefit in a variety of hematologic malignancies including AML. [43] [44] [45] Considering the limited efficacy of DLI or Chemo-DLI for treatment of relapsed AML following allogeneic BMT, the effectiveness of combination therapy of DLI or Chemo-DLI plus IL-2 needs to be evaluated in well-designed prospective trials. In addition, it might also be important to maintain adequate cytotoxic drug level of the chemotherapeutic agents in the extramedullary sites such as central nervous system. The high frequency of leptomeningeal relapse observed in our study suggests that a high-dose cytarabine-containing regimen might be employed as cytoreductive chemotherapy before DLI, reducing the likelihood of relapse at this site by increasing the level of drug in the cerebrospinal fluid. 46 Alternatively, intrathecal chemotherapy using methotrexate or cytarabine could be considered for the same purpose. The effectiveness of these therapeutic approaches for reducing leptomeningeal relapse after Chemo-DLI should be evaluated in future studies.
In summary, we have shown here that Chemo-DLI could induce durable remissions in a considerable proportion of patients with relapsed AML after allogeneic BMT, especially in patients with relatively long post-BMT remission duration. Although limited by the small number of patients, isolated extramedullary relapse seems to be common after Chemo-DLI. The high frequency of isolated extramedullary relapse requires particular attention in future studies, as well as in designing future treatment programs.
